:269-275) presented astrogeodetic instrumentation for the determination of astronomical coordinates, and stated an accuracy of ±0.01″ would be achieved within few hours observation time. However, these authors did not address anomalous atmospheric refraction, the effect of which is relevant for any accurate determination of astronomical latitude Φ and longitude Λ. This correspondence briefly reviews anomalous refraction and its effect on astrogeodetic methods, by first defining anomalous refraction, describing its origins, summarising results of theoretical and empirical studies, and giving ways to mitigate its effect. This demonstrates that anomalous refraction represents a major obstacle for determining astronomical coordinates (Φ,Λ) at the 0.01″
Another unmentioned effect that becomes relevant at the 0.01″ accuracy-level is tidal variation of the plumbline. However, this effect is not discussed here; instead we refer to Jekeli (1999) . This correspondence will focus solely on anomalous refraction and demonstrate that it represents a major obstacle for measuring ±0.01″-accurate (Φ,Λ) over a few hours on one night. For more general descriptions of astrogeodetic methods, refer to Mueller (1969) and Torge (2001) .
DEFINITION AND ORIGINS OF ANOMALOUS REFRACTION
Atmospheric refraction is a general term that denotes ray-bending effects of the atmosphere on the geometry of the path of electromagnetic waves, e.g., of star light. The term astronomical refraction often describes the ray-bending "when the observer (here the telescope) is inside Earth's atmosphere and the target (here a star) is outside" (after Thomas and Joseph 1996, see also Hirt et al. 2010a ). Based on the assumption of a radially symmetric atmosphere (Teleki 1979) Horizontal temperature gradients or tilted layers are associated with: regional weather patterns or passing weather fronts (e.g., Sugawa and Kikuchi 1979, Stone et al. 1996) ; the environment around the observation site (Teleki 1979) , such as sloped terrain (Bretterbauer 1965 ); and so-called urban heat islands, where regional changes in surface temperature come into play (Hughes 1979 , Currie 1979 (1) In meteorological data analysis, temperature or pressure measurements are taken either at scattered ground stations or in terms of vertical profiles using radio-sondes. Horizontal temperature or pressure gradients between any two stations or profiles can be converted to tilt angles of atmospheric layers, and ray-tracing algorithms are used to compute the associated anomalous refraction effects. Based on radio-sonde data, Sugawa (1956) . Table 7) , which, however, can be reduced through some averaging strategy Taylor's results suggest that quasi-period anomalous refraction oscillations at time scales of minutes to hours, as also shown by Stone et al. (1996) and Hirt (2006) , are mainly a local phenomenon that is attributable to air-mass convection in the lowest layers of the atmosphere above the observation site. Opposed to this, it is reasonable to associate long-period anomalous refraction constituents at time scales of ~days or ~months with more static phenomena such as regional weather patterns, heat island effects (near urban areas), or the topography around the observation site (terrain inclinations).
Though the above studies provide some insight into the characteristics of anomalous refraction, there is inarguably need for follow-up research aiming at understanding the complex nature of anomalous refraction. Further studies on the characteristics of anomalous refraction might be expected in the context of new CCD zenith telescopes (Ron et al. 2007 ).
Nevertheless, all the above-cited studies do unanimously show that the effects of anomalous refraction render the ±0.01″ accuracy estimate of BAL03 to be unrealistic.
MITIGATION OF ANOMALOUS REFRACTION
Anomalous refraction is problematic for any accurate astronomical measurement of (Φ,Λ) because the effect cannot be eliminated in-situ. It was already noted by B. Guinot in 1971 (loc. cit. Teleki and Sevarlić 1972, p. 149) that anomalous refraction gives rise to a shift of the zenith, and thus to a common translation of all measured directions to stars, so cannot be cancelled out by two-face field measurements. This is because anomalous refraction causes astronomical observations to be correlated, at time scales ranging from ~minutes to ~months (see previous section).
From the above literature review, anomalous refraction can be mitigated to some extent by forming averages over some period of time (e.g., Nakajima 1979, p.775, Stone et al. 1996 p.1736, Hirt and Seeber 2008, Fig 8) . 
